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The inﬂuence of somatic cells counts (SCC) in milk on bioactive amines in Mozzarella cheese was inves-
tigated. High SCC milk had lower lactose and higher pH compared to low and medium SCC. Low spermine
levels were found in milk irrespective of SCC. The cheeses had similar characteristics, but the extension
and depth of proteolysis increased with SCC. Cheese from all SCC categories contained spermine; whereas
tyramine and tryptamine were only detected in cheese from high SCC milk. During 60-days refrigerated
storage, signiﬁcant positive effects were observed between SCC and proteolysis, storage time and pH and
storage time and proteolysis. There was a signiﬁcant positive effect of storage time on spermine and sero-
tonin levels. Only cheese from high SCC milk showed signiﬁcantly higher serotonin levels. Tyramine and
tryptamine were found in cheese from high SCC milk.
 2015 Elsevier Ltd. All rights reserved.1. Introduction Biogenic amines belong to a major group of compounds – theThe proﬁle and levels of biogenic amines in cheese is relevant
from a toxicological and technological standpoint. High levels of
some amines may pose a risk to consumer’s health. High histamine
levels in cheese can cause hypotension, urticaria, ﬂushing and
headaches, whereas high amounts of tyramine, tryptamine and
phenylethylamine can induce migraine headache and hyperten-
sion. Furthermore, the presence and build up of some amines in
cheese can be an index of inadequate manufacturing practices
(Bunˇková et al., 2010; Calzada, Del Olmo, Picon, Gaya, & Nuñez,
2013; EFSA, 2011).bioactive amines, which are normal constituents of living cells,
where they fulﬁll several important physiological roles. Some
amines are naturally present in food and some can be formed dur-
ing processing by decarboxylation of free amino acids during heat
treatment or by enzymes from added or contaminating microor-
ganisms. Cheese represents an ideal environment for the produc-
tion of amines and ripened cheeses are more prone to amine
formation. In fact, several outbreaks of histamine intoxication have
been reported and associated to the consumption of some ripened
cheeses (Bunˇková et al., 2010; Gloria, 2005; Redruello et al., 2013).
However, in a survey on amines in Brazilian cheeses, Vale and
Gloria (1998) and Cunha et al. (2012) found high levels of some
undesired amines in Mozzarella cheese, which is one of the most
consumed cheeses in Brazil. Therefore, studies are needed to
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amines in Mozzarella cheese in order to prevent or minimize
amines formation.
The major factors affecting amine formation and accumulation
in cheese are the availability of amino acids (and, hence, proteo-
lytic activity) and the presence of bacteria capable of amino acids
decarboxylation. Other factors may also contribute to the forma-
tion of biogenic amines in cheese, such as milk quality, pH, salt
concentration, water availability, temperature and duration of
ripening and storage, starter and non-starter lactic acid bacteria,
bacterial density and the presence of cofactors and amine catabo-
lism (Galgano, Caruso, Condelli, & Favati, 2012; Pachlová, Bunka,
Flasarová, Válková, & Bunková, 2012; Santos, Souza, Cerqueira, &
Gloria, 2003; Spizzirri et al., 2013). It has been reported that condi-
tions leading to accelerated or enhanced proteolysis can result in a
signiﬁcant increase in biogenic amines during the ripening of
cheese (Bunˇková et al., 2013; Calzada et al., 2013; Fernandez-
Garcia, Tomillo, & Núñez, 1999; Leuschner, Kurihara, & Hammes,
1998; Loizzo et al., 2013; Redruello et al., 2013). It is well known
that mastitis can affect the quality and enhance proteolysis in
milk; however no information is available regarding its role in
the formation and accumulation of biogenic amines in cheese.
Mastitis is an inﬂammation of the mammary gland, resulting in
an increase in somatic cell count (SCC), particularly polymorpho-
nuclear leucocytes (PMN) (Considine, Geary, Kelly, & McSweeney,
2002). Despite the widespread implementation of control strate-
gies, mastitis remains a major challenge to the worldwide dairy
industry, causing major economic losses in the milk chain by
reducing milk production and quality (Deb et al., 2013). The con-
trol of intra-mammary infections and clinical mastitis in bovine
milk is undertaken by means of SCC which can be an indicator of
udder health and milk quality (Leitner, Silanikove, & Merin,
2008; Liu, Wei, Wei, Dong, & Cao, 2012). High SCC is undesirable
in the production of cheese as it decreases yield due to the rise
in whey protein and decrease of casein and calcium ions. There is
also an increase on proteolysis rate, due to the presence of plasmin,
whose generation from plasminogen is more pronounced in milk
with high SCC. Furthermore, PMN and lysosomes of somatic cells
contain very active proteinases, such as cathepsin G and elastase,
which are the predominant enzymes associated with PMN in mas-
titic milk (Considine et al., 2002; Moatsou, 2010; Sharif &
Muhammad, 2008; Verdi & Barbano, 1991).
The objective of this study was to assess the inﬂuence of SCC on
the levels of bioactive amines during processing of Mozzarella
cheese and its effects during refrigerated storage for up to 60 days.
The changes on the physico-chemical composition of the cheese
were also investigated.2. Material and methods
2.1. Material
Raw milk with different SCC was obtained from a private dairy
farm and from the dairy farm of the Universidade Federal de Viçosa
(UFV), at Viçosa, state of Minas Gerais, Brazil, during the summer of
2009. The samples were collected in previously 50-L sanitized con-
tainers and were transported to the Dairy Pilot Plant, UFV.
The starter culture (TCC-20 – Streptococcus salivarius ssp. ther-
mophilus and Lactobacillus helveticus) and the commercial rennet
(CHY-MAXM) were purchased from Chr Hansen (Hørsholm,
Denmark).
The reagents were of analytical grade, except HPLC solvents
which were LC grade. Ultrapure water was obtained from Milli-Q
(Millipore Corp., Milford, MA, USA). Bioactive amine standards
were purchased from Sigma Chemical Co. (St Louis, MO, USA):putrescine dihydrochloride, spermidine trihydrochloride, spermine
tetrahydrochloride, agmatine sulfate, cadaverine dihydrochloride,
serotonin hydrochloride, histamine dihydrochloride, tyramine,
tryptamine, and 2-phenylethylamine hydrochloride. Ortho-phthal-
aldehyde was also purchased from Sigma.
2.2. Methods
2.2.1. Quality of raw milk from three different SCC categories
The raw milk samples were grouped into three different
categories based on the range of somatic cells: low
(5.31 ± 0.21 log cells/mL), medium (5.78 ± 0.08 log cells/mL), and
high SCC (6.36 ± 0.20 log cells/mL). The samples were also ana-
lyzed for total bacterial counts, protein, fat, total and non-fat solids,
lactose, titratable acidity, pH and bioactive amines.
2.2.2. Inﬂuence of SCC on the production and quality of Mozzarella
cheese
The samples (50-L batches) from the three categories of SCC
were used in the manufacture of Mozzarella cheese. The experi-
ments were performed in triplicate. During processing, aliquots
of whey were collected for the determination of fat, protein, total
solids, titratable acidity, pH and bioactive amines. One day after
processing, cheese samples were taken and analyzed for moisture,
fat, protein, total solids, titratable acidity, pH, proteolysis and
bioactive amines.
2.2.3. Inﬂuence of refrigerated storage on the quality of Mozzarella
cheese made with milk from three SCC categories
The cheeses manufactured using milk from the three SCC cate-
gories were vacuum packed in polyethylene bags, and stored for up
to 60 days at 4 ± 1 C. Within 15-days interval (1, 15, 30, 45 and 60
storage days), cheese samples were taken for analysis of moisture,
protein, fat, titratable acidity, pH, proteolysis and bioactive amines.
2.2.4. Production of the Mozzarella cheese
Mozzarella cheese was produced according to Kindstedt, Carlic´,
and Milanovic´ (2004) at the cheese section of the Dairy Pilot Plant,
UFV, Viçosa, MG. Milk from each treatment (50 L) used in the prep-
aration of cheese was poured into 200-L tanks. The milk was pas-
teurized at 65 C/30 min, cooled to 36 C, and calcium chloride
(40% w/v), a thermophilic starter culture (0.5 g), and rennet
(2.5 mL) were added. After 40 min rest, the coagulum was cut into
cubes (1–1.5 cm width) and allowed to stand for 1 min. The mix-
ture was stirred slowly for 15 min at 36 C, the temperature was
raised to 43 C, and the stirring continued until the desired consis-
tency of the mass was reached (±50 min). After draining, the mass
remained in the fermentation tank until it reached the stretching
point (±5 h). The pH of the mass was measured to conﬁrm whether
it was in the ideal range (5.1–5.3). The stretching process was con-
ducted in a stainless steel tank with water at 80–85 C. The mass
was hand shaped and transferred to 1-kg molds with a rectangular
shape. After the cheese remained in the cold for 1 h, it was trans-
ferred to the brine tank containing 20% salt solution (pH 5.29,
18 C), and remained submerged for 8 h. Subsequently, the cheese
was stored in plastic racks in a cold room (11 ± 1 C) for 10 h.
Finally, the samples were cut into pieces, vacuum packed in poly-
ethylene bags, and stored for up 60 days at 4 ± 1 C. Cheese produc-
tion was performed three times for each treatment.
2.2.5. Methods of analysis
2.2.5.1. Determination of somatic cell count and total bacterial
count. The determination of SCC of the raw milk was accomplished
by ﬂuorescence ﬂow cytometry using a CombiScope™ FTIR-400
(Delta Instruments, Drachten, Netherlands). Standards were
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Minneapolis, MN, USA) to calibrate the equipment.
The enumeration of the total bacterial counts of the raw milk
was performed by ﬂow cytometry using a BactoCount IBC 150
(Bentley Instruments, Chaska, MN, USA). The results were
expressed as colony forming units (cfu/mL) after statistical trans-
formation based on a previously prepared calibration curve.2.2.5.2. Determination of physico-chemical characteristics. The phys-
ico-chemical characteristics of the raw milk, whey and Mozzarella
cheese samples were determined using standard methods. Raw
milk and whey were analyzed for titratable acidity, pH (Brasil,
2006), fat, moisture (AOAC, 2000) and protein (IDF, 2014) contents.
The raw milk was also analyzed for fat, protein, lactose, total and
non-fat solids by FTIR transmission spectrophotometry using a
CombiScope™ FTIR-400 (Delta Instrument, Drachten, Nether-
lands). Standards provided by Dairy Quality Standards Control
Inc. (DQCI Services, Minneapolis, MN, USA) were used to calibrate
the equipment. The cheese samples were analyzed for titratable
acidity, pH, fat, protein and moisture contents (AOAC, 2000).2.2.5.3. Determination of proteolysis. The extension and depth of
proteolysis of the cheese were calculated using total nitrogen
(TN), pH 4.6-soluble nitrogen (NCN), and 12% trichloroacetic acid
soluble nitrogen (NPN) (AOAC, 2000; IDF, 2014).Table 1
Physico-chemical characteristics of raw milk, whey and Mozzarella cheese during
production with different categories of somatic cell counts (SCC).
Parameter Mean values ± SD/SCC category1,2
Low Medium High
Raw milk
Fat (g/100 g) 3.50 ± 0.90 3.50 ± 0.50 3.60 ± 0.60
Protein (g/100 g) 3.20 ± 0.30 3.20 ± 0.30 3.20 ± 0.10
Total solids (g/100 g) 11.96 ± 1.30 11.90 ± 0.36 12.33 ± 0.59
Non-fat solids (g/100 g)* 8.73 ± 0.25 8.34 ± 0.19 8.36 ± 0.07
Lactose (g/100 g)* 4.56 ± 0.14a 4.37 ± 0.05a 4.12 ± 0.09b
Titratable acidity** 0.15 ± 0.01 0.14 ± 0.01 0.13 ± 0.01
pH 6.89 ± 0.08b 6.86 ± 0.18b 7.22 ± 0.03a
Whey
Fat (g/100 g) 0.40 ± 0.10 0.40 ± 0.20 0.50 ± 0.20
Protein (g/100 g) 0.80 ± 0.04 0.80 ± 0.05 0.90 ± 0.07
Total solids (g/100 g) 6.77 ± 0.23 6.99 ± 0.38 6.76 ± 0.752.2.5.4. Determination of bioactive amines. The amines were deter-
mined in raw milk, whey and cheese samples by ion-pair HPLC,
post-column derivatization with o-phthalaldehyde and ﬂuorimet-
ric detection. For the extraction of amines from rawmilk and whey,
1.5% sulfosalicylic acid was used (Rigueira, Rodrigues, & Gloria,
2011; Santos et al., 2003), whereas a modiﬁcation of the method
described by Custódio, Tavares, and Gloria (2007) was used for
cheese: a 10 g sample was weighted into a 50 mL centrifuge tube,
mixed thoroughly with 15 mL of 1 mol/L HCl and shaken in an
orbital shaker (TE-140 Tecnal, SP, Brazil) at 250 rpm for 10 min.
The slurry was centrifuged (11,180g at 4 C for 21 min, Jouan
SA MR23i, Saint Herblain, France) and the supernatant was ﬁltered
through qualitative ﬁlter paper. The solid residue was extracted
twice more with 15 mL of 1 mol/L HCl by the same procedure.
The ﬁltrates were combined, and the volume was corrected to
50 mL by adding 1 mol/L HCl.
A Shimadzu LC-20AD system connected to a RF-10AXL ﬂuori-
metric detector at 340 nm excitation and 450 nm emission was
used (Shimadzu, Kyoto, Japan) as described by Rigueira et al.
(2011). The amines were identiﬁed by comparison of the retention
time of the amines in the samples with those of standards and by
addition of the suspect amine to the sample. The levels of amines
were calculated by interpolation into a calibration curve
(r2P 0.993). The limit of quantiﬁcation (LOQ) for the amines was
0.5 mg/kg.Titratable acidity** 0.09 ± 0.01 0.09 ± 0.01 0.07 ± 0.01
pH 6.68 ± 0.15b 6.68 ± 0.27ab 7.18 ± 0.14a
Cheese
Moisture (g/100 g) 45.68 ± 3.83 46.26 ± 0.30 48.29 ± 1.03
Fat (g/100 g) 49.9 ± 5.51 49.9 ± 2.95 49.1 ± 5.28
Protein (g/100 g) 20.9 ± 1.10 19.8 ± 0.19 21.6 ± 2.86
Titratable acidity** 0.61 ± 0.10 0.54 ± 0.16 0.61 ± 0.04
pH 5.61 ± 0.21 5.42 ± 0.12 5.69 ± 0.17
1 Means (±standard deviation of duplicate analyses of three lots of each SCC
category) followed by different letters are signiﬁcantly different (Tukey test,
p < 0.05).
2 Somatic cells counts: SCC–low = 5.31, medium = 5.78, and high = 6.36 log cells/
mL).
* Automated method.
** Titratable acidity – g/100 mL lactic acid.2.2.6. Statistical analysis
The inﬂuence of somatic cells counts on raw milk, cheese whey
and Mozzarella cheese was investigated by means of a randomized
block design. The changes which occurred during refrigerated stor-
age were evaluated through a completely randomized block-split
plot design, considering somatic cell counts as the main effect
and the days of analysis as subplots. The processing was used as
blocks with three batches for the Mozzarella cheese. The results
were submitted to analysis of variance and the means were
compared by the Tukey test at 5% signiﬁcance. Nonparametric
Kruskal–Wallis and Friedman tests were used for bioactive amines.
R statistical software (R, 2009) was used.3. Results and discussion
3.1. Quality of raw milk from three different SCC categories
As indicated previously, the mean counts of somatic cells for the
low, medium and high SCC raw milk categories were 5.31 ± 0.21,
5.78 ± 0.08 and 6.36 ± 0.20 log cells/mL, respectively. These counts
were signiﬁcantly different, which is in agreement with the pre-
dicted counts established for the experiments. These values
represent counts below and above the limits established by Brazil-
ian (500,000 cells/mL), European (400,000 cells/mL) and USA
(750,000 cells/mL) legislations (Aphis, 2013; Brasil, 2011). The
higher counts used could be of impact especially in new dairy
countries, which, yet, do not have sufﬁcient control on CCS in spite
of the standards of identity. There was no signiﬁcant difference
(p > 0.05) on the total bacterial counts among treatments
(5.26 ± 0.73, 5.41 ± 0.76 and 6.19 ± 0.24 log cfu/mL for the low,
medium and high SCC, respectively). These results suggest that
the hygienic sanitary conditions used were similar during milking,
sampling and transportation.
The physico-chemical characteristics of the raw milk are indi-
cated in Table 1. The results obtained for protein and fat using
automated and reference methods were similar, conﬁrming the
accuracy and efﬁciency of the simpler and faster automated
method to assess the quality of milk. Overall, the physico-chemical
characteristics of the raw milk are in agreement with literature
ﬁndings (Chen, Lewis, & Grandison, 2014).
No signiﬁcant difference (p > 0.05) was observed among raw
milk samples of the different SCC categories for the majority of
the parameters analyzed, except for the levels of lactose and pH
values. Raw milk with high SCC had lower lactose contents and
higher pH values when compared to the medium and low SCC
(p < 0.05). According to Machado, Pereira, and Sarríes (2000), the
reduced lactose content in milk with high SSC is associated with
the decreased lactose synthesis by infected mammary glands, use
Table 2
Levels of bioactive amines in Mozzarella cheese produced with different categories of
somatic cell counts.
Somatic cells
counts1
Median (range) levels of amines (mg/kg)
Spermine Tyramine Tryptamine
Low 4.46 (3.10–5.77) nd nd
Medium 8.10 (2.55–9.64) nd nd
High 14.64 (13.23–15.28) 3.97 (nd–5.03) 0.00 (nd–1.38)
Results from the treatments were not signiﬁcant different (Kruskal Wallis test,
p > 0.05).
nd – not detected (<0.5 mg/kg).
1 Somatic cells counts: SCC–low = 5.31, medium = 5.78, and high = 6.36 log cells/
mL.
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membrane permeability of the glands, which causes a loss of lac-
tose from the gland through the bloodstream.
The pH values of the milk with high SCC were higher than those
found for low and medium SCC. This result is consistent with stud-
ies that show an increase in pH in milk with high SCC (Audist &
Hubble, 1998; Mazal, Vianna, Santos, & Gigante, 2007). The constit-
uents which are responsible for milk pH are casein, citrate, phos-
phate and dissolved carbon dioxide and bicarbonates which are
balanced with the permeability of udder cells to the blood capillar-
ies. In mastitis, increased permeability of the gland to blood com-
ponents (such as bicarbonate ions) results in higher pH values of
the milk (Kolte, Waghmare, Mode, & Handa, 2008).
Among the ten amines investigated, only spermine was
detected in one sample of raw milk with high SCC at 1.2 mg/L. This
is in agreement with the literature (Gloria, Saraiva, Rigueira, &
Brandão, 2011; Kalac, 2014; Rigueira et al., 2011): low levels of
polyamines are usually found in raw milk.
3.2. Quality of the whey from Mozzarella cheese produced with milk of
three SCC categories
The physico-chemical characteristics of the whey generated
during cheese production are also indicated in Table 1. Signiﬁcant
differences were observed only for pH values (p < 0.05) and sam-
ples with high SCC had signiﬁcantly higher pH compared to sam-
ples with low SCC. This result is consistent with the pH values
observed in the respective raw milks.
No signiﬁcant difference was observed on the other parameters
analyzed (fat, protein and total solids contents) among whey sam-
ples from the different SCC categories. However, increased protein
levels were found in whey from high SCC milk, which is consistent
with ﬁndings by Sharif and Muhammad (2008).
Similar to what was observed for the raw milk, among amines
investigated, only spermine was detected in the whey. It was
detected at low levels (61.4 mg/L) in samples with medium and
high SCC. No information was found regarding the presence of
amines in cheese whey in the reviewed literature.
3.3. Quality of Mozzarella cheese produced with milk of three SCC
categories
The physico-chemical characteristics of Mozzarella cheese
made from milk with different SCC are indicated in Table 1. The
samples were in accordance with Brazilian legislation with respect
to moisture content (Brasil, 1997) and no signiﬁcant difference was
observed among treatments. No signiﬁcant difference was also
observed for the other parameters investigated. Based on these
results, the higher pH values and lower lactose contents observed
in the high SCC milk prior to cheese production did not affect the
physico-chemical characteristics of the cheese. These results are
consistent with those obtained by Andreatta et al. (2009) who
investigated the effects of SCC up to 800,000 cells/mL on the pro-
duction of Mozzarella cheese.
The extension and depth of proteolysis varied from 1.43% to
6.85% and 0.29% to 4.11%, respectively. There was a signiﬁcant
increase in proteolysis with increased SCC of the raw milk used
in cheese production. According to the literature, in high SCC milk,
proteinases from somatic cells can also hydrolyze casein contribut-
ing to proteolysis (Considine et al., 2002; Kelly, O’Flaherty, & Fox,
2006). Furthermore, leucocytes synthesize plasminogen activators
responsible for the formation of plasmin, an endogenous milk pro-
tease (Verdi & Barbano, 1991). However, the increased proteolysis
in Mozzarella cheese is worrisome as the integrity of casein plays
an important role in the stretchability characteristic which is
desired in this type of cheese (Jana & Mandal, 2011).Among the ten amines investigated, three were detected in the
cheese, the polyamine spermine and the biogenic amines tyramine
and tryptamine (Table 2). There was no signiﬁcant difference
(p > 0.05) in spermine concentrations among treatments. Tyramine
and tryptamine were only detected in the cheese made with high
SCC milk, suggesting that their presence in the cheese may be asso-
ciated with the high SCC milk. It is possible that the presence of
tyramine and tryptamine and high counts of spermine in Mozza-
rella cheese could be indicative of milk with high SCC used in the
manufacture of the cheese.
Histamine, the amine which is more often involved in cases of
cheese poisoning along with tyramine (Gloria, 2005; Redruello
et al., 2013), was not found in the samples analyzed. Furthermore,
cadaverine from lysine decarboxylation, which is associated with
enterobacteria, was also not detected (Gloria, 2005; Marino,
Manfreni, Moreto, & Rondini, 2000). These results suggest that ade-
quate hygienic conditions were prevalent during the production of
the Mozzarella cheese.3.4. Inﬂuence of refrigerated storage on the quality of Mozzarella
cheese produced with milk of three SCC categories
The moisture contents of the cheese varied from 45.53 to
50.80 g/100 g with a coefﬁcient of variation (CV) of 2.0% through-
out storage and no signiﬁcant difference was observed among sam-
ples, which was warranted by vacuum packaging. Therefore, the
values remained within the limits established by the Brazilian leg-
islation (Brasil, 1997).
There was no signiﬁcant effect of the refrigerated storage time
on protein levels and on titratable acidity (Table 3). The levels of
proteins varied from 19.7 to 23.2 g/100 g (CV = 5.6%). The changes
in protein during storage were only signiﬁcant (p < 0.05) for cheese
made with high SCC milk, with higher levels on the 30th storage
day compared to the 45th day. With respect to the titratable acid-
ity, changes with storage time were only observed for cheese from
milk with low SCC, with a signiﬁcant decrease on the values up to
the 30th day of refrigerated storage. However, they were not sig-
niﬁcantly different (p > 0.05) from the 45th storage day on. When
comparing titratable acidity among SCC treatments, signiﬁcantly
smaller values were observed in samples with lower SCC on the
15th, 30th and 60th storage days.
However, there was a positive linear effect of the storage time
on pH (Table 3) and for each additional storage day, there was a
pH increase of 0.0044 (y = 0.0044x + 5.5982, r2 = 0.9044). This
increase in pH could be associated with the release of basic amino
acids due to proteolysis and also due to their decarboxylation
forming amines (Gloria, 2005; Mazal et al., 2007).
Furthermore, there was a signiﬁcant effect (p < 0.05) of the SCC
and the duration of storage on the indices of extension and depth
of proteolysis of the cheese (Table 3), resulting in higher proteoly-
sis for the higher SCC categories and with prolonged storage time.
Table 3
Inﬂuence of storage at 4 ± 1 C on protein, titratable acidity and pH of Mozzarella cheese made with different categories of somatic cell counts.
Somatic cells counts1 Mean values ± standard deviation/storage time (days)
1 15 30 45 60 Mean
Protein (g/100 g)
Low 20.9 ± 1.10 20.8 ± 1.39 20.7 ± 1.33 22.1 ± 1.15 21.7 ± 1.53 –
Medium 19.8 ± 0.19 19.8 ± 1.73 21.2 ± 0.77 21.3 ± 1.09 20.6 ± 0.43 –
High 21.6 ± 2.86xy 22.1 ± 2.59xy 23.2 ± 4.11x 19.7 ± 0.15y 20.6 ± 0.59xy –
Titratable acidity (g/100 mL lactic acid)
Low 0.61 ± 0.10x 0.30 ± 0.12by 0.27 ± 0.08by 0.42 ± 0.01xy 0.36 ± 0.04bxy –
Medium 0.54 ± 0.16 0.68 ± 0.23ª 0.43 ± 0.32ab 0.50 ± 0.08 0.42 ± 0.08b –
High 0.61 ± 0.04 0.67 ± 0.10ª 0.68 ± 0.26ª 0.60 ± 0.06 0.82 ± 0.11ª –
pH
Low 5.61 ± 0.21 5.73 ± 0.16 5.72 ± 0.18 6.01 ± 0.17 6.05 ± 0.26 –
Medium 5.42 ± 0.12 5.61 ± 0.17 5.85 ± 0.11 5.73 ± 0.17 5.78 ± 0.34 –
High 5.69 ± 0.17 5.81 ± 0.26 5.58 ± 0.47 5.61 ± 0.05 5.72 ± 0.01 –
Mean 5.57y 5.72xy 5.71xy 5.78xy 5.86x
Extension of proteolysis (%)
Low 1.43 ± 0.94 4.39 ± 1.86 8.73 ± 1.58 9.82 ± 0.37 9.62 ± 0.71 6.80b
Medium 4.62 ± 2.59 8.08 ± 1.13 9.61 ± 2.35 11.52 ± 3.99 12.83 ± 2.33 9.33a
High 6.85 ± 0.86 8.41 ± 0.98 11.71 ± 1.50 14.56 ± 0.85 14.50 ± 1.25 11.21a
Mean 4.30z 6.96y 10.02x 11.97x 12.32x
Depth of proteolysis (%)
Low 0.29 ± 0.49 2.90 ± 2.53 5.14 ± 3.06 5.06 ± 0.93 5.01 ± 1.50 3.68b
Medium 3.40 ± 1.36 3.12 ± 1.66 6.07 ± 1.08 6.73 ± 2.86 6.54 ± 1.75 5.17ab
High 4.11 ± 1.93 4.13 ± 0.92 5.89 ± 1.46 6.21 ± 0.47 8.59 ± 1.69 5.79a
Mean 2.59z 3.38yz 5.70xy 6.00x 6.71x
n = duplicate analyses of three lots of each somatic cells counts category.
Means with different superscripts in the same columns (a,b) and in the same lines (x,y) are signiﬁcantly different (Tukey test; p < 0.05).
1 Somatic cells counts: SCC–low = 5.31, medium = 5.78, and high = 6.36 log cells/mL).
Juliana Cristina Sampaio Rigueira Ubaldo et al. / Food Chemistry 178 (2015) 229–235 233These results indicate that there was a contribution of SCC to the
development of proteolysis with increased proteolysis at higher
SCC cheeses. Proteolysis also increased with storage time up to
the 30th storage day, remaining constant afterwards. Irrespective
of the somatic cells counts, there were linear positive correlations
for the extension (y = 0.1419x + 4.8275, r2 = 0.9375) and the depth
(y = 0.0732x + 2.6677, r2 = 0.9223) of proteolysis of the cheese
throughout storage. Furthermore, proteolysis in the cheese was
also affected by raw milk SCC, with higher proteolysis observed
for higher SSC. These results are similar to those obtained by
Mazal et al. (2007), who also observed that the soluble nitrogen
fraction at pH 4.6 and 12% TCA was higher in cheese with high
SCC. The increased proteolysis observed in cheese made from
higher SCC is in agreement with Considine et al. (2002), who
reported that proteinases from somatic cells may potentially make
a signiﬁcant contribution to proteolysis in high SCC milk or cheese
made from such milk.
3.5. Inﬂuence of refrigerated storage on bioactive amines in Mozzarella
cheese produced with milk of different SCC categories
Among the ten amines investigated, only four were detected in
the cheese samples throughout storage: the three amines previ-
ously found in the cheeses (spermine, tyramine and tryptamine)
and also serotonin which was formed throughout storage. Sperm-
ine was detected in every sample throughout storage. Tyramine
and serotonin were present mostly in samples with higher SCC
and at longer storage times.
Since amines concentrations did not follow normal distribution,
the median values were calculated and non parametric statistics
was used to compare the results. There was no signiﬁcant effect
of SCC for each amine within a storage time (Kruskal Wallis test,
p > 0.05). However, there was a signiﬁcant effect of the storage
time on the levels of spermine and serotonin (Friedman test,
p > 0.05). The changes in the levels of amines in the cheese
throughout storage are indicated on Fig. 1. Signiﬁcant differencewas observed for spermine and serotonin levels throughout stor-
age. Spermine levels increased signiﬁcantly on the 15th storage
day for cheeses made with medium and high SCC, whereas signif-
icant increases were only observed on the 45th storage day for
cheeses made with low SCC. The increase on spermine levels could
result from synthesis by the present microbiota or from liberation
from conjugated forms (Gloria, 2005). Furthermore, according to
Ali, Poortvliet, Strömberg, and Yngve (2011), variation in poly-
amine content in cheese could also be due to difference in the fer-
mentation process, the starter culture and the manufacturing
process used in the production of cheese. For example, the use of
pasteurized milk and mesophilic or thermophilic starter bacteria
favored polyamines formation in cheese.
With respect to serotonin, only cheeses with high SCC showed
signiﬁcantly higher serotonin levels after the 30th storage day.
The presence of serotonin in cheese and other dairy products has
been reported in the literature (Gloria, 2005; Vale & Gloria,
1998), however no information was found regarding its formation
in cheese. Based on these results, when producing Mozzarella
cheese from milk with low SCC (5.31 log cells/mL) there was no
signiﬁcant increase in serotonin levels, but spermine levels
increased signiﬁcantly, reaching levels P90 mg/kg, on the 45th
storage day.
Tyramine and tryptamine were not originally detected in the
raw milk and whey samples. However, they were found in the
cheese made with high SCC milk immediately after processing
and remained in the cheese throughout refrigerated storage at
median levels ranging from not detected to 28.04 mg/kg for tyra-
mine and not detected to 7.34 mg/kg for tryptamine. No signiﬁcant
difference was observed on the median levels of tyramine and
tryptamine throughout storage. After 30 storage days, tyramine
was detected in cheese made with medium SCC milk with values
ranging from not detected up to 8.20 mg/kg. The behavior for
tryptamine was different: it was detected from the 15th storage
day on with median levels ranging from not detected to 1.64 mg/
kg. The presence of tyramine in Mozzarella cheese could result
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Fig. 1. Inﬂuence of storage at 4 ± 1 C on the median levels of bioactive amines in Mozzarella cheese made with different categories of somatic cells counts (median values
with different letters throughout storage are signiﬁcantly different, Kruskal Wallis & Friedman test, p < 0.05; SCC – low = 5.31, medium = 5.78, and high = 6.36 log cells/mL).
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tion of tyrosine, and also increased tyrosine decarboxylase activity
which favors tyramine formation (Roig-Sagués, Molina, &
Hernández-Herrero, 2002). Further studies are needed to investi-
gate if these biogenic amines could be associated with high SCC
and, therefore, be an index of milk quality.
High levels of tyramine and tryptamine are associated with
vasoconstriction resulting in migraine and hypertensive crisis.
The levels detected in the cheese are below values which could
cause adverse effects to human health; however, they may contrib-
ute to the daily intake when other foods in the meal are consid-
ered, specially taking into consideration individuals under
monoaminoxidase inhibitor therapy (EFSA, 2011; Gloria, 2005).
3.6. Correlation studies between proteolysis and formation of amines
Spearman correlation analysis was performed to investigate the
possibility of correlation between amines and the parameters
which showed signiﬁcant changes throughout refrigerated storage
of the cheese. No signiﬁcant correlation was observed for serotonin
levels and proteolysis. However, highly signiﬁcant correlation was
observed between the levels of spermine and proteolytic activity.
The Spearman correlation coefﬁcients (q) were 0.753 (p-
value = 2.416  109) and 0.601 (p-value = 1.254  105) for the
extension and depth of proteolysis, respectively. This high correla-
tion indicates that the increase in spermine levels in the cheese
observed with increased SCC and with increased storage time ofthe cheese is affected by proteolysis in the cheese, both extension
and depth of proteolysis. Therefore, the enhanced proteolysis in
cheese, which can be affected by SCC in original milk, could be
evaluated by means of spermine analysis in cheese. However, fur-
ther studies are needed to investigate whether it is the sole factor
or one among several factors which could affect spermine levels in
order to be able to use the levels of spermine as a marker for raw
milk quality with respect to SCC.4. Conclusions
The inﬂuence of SCC in milk on the levels of amines in Mozza-
rella cheese was investigated for the ﬁrst time. Mozzarella cheese
was produced using three different categories of SCC. Raw milk
with different SCC contained similar fat, protein, solids (total and
non-fat), titratable acidity and total bacterial count; however, milk
with high SCC had signiﬁcantly lower lactose levels and higher pH
compared to low and medium SCC. During Mozzarella cheese pro-
duction, the resulting wheys differed with regard to pH, with sig-
niﬁcantly higher values for the high SCC treatment. No
signiﬁcant difference was observed on the physico-chemical char-
acteristics of the cheese, however, the extension and depth of pro-
teolysis increased signiﬁcantly with the increase in SCC. Only
spermine was found in raw milk and whey with high SCC. Sperm-
ine was found in cheese from all of the SCC categories; whereas
tyramine and tryptamine were only detected in cheeses made with
Juliana Cristina Sampaio Rigueira Ubaldo et al. / Food Chemistry 178 (2015) 229–235 235high SCC milk. During refrigerated storage of the cheese for
60 days, there was a signiﬁcant effect of storage time on pH, exten-
sion and depth of proteolysis and levels of spermine; whereas
there was a signiﬁcant effect of SCC on the extension and depth
of proteolysis. During storage there was an increase on pH values
and also on the extension and depth of proteolysis. There was no
signiﬁcant effect of SCC on amine levels; however, there was a sig-
niﬁcant effect of storage time on the levels of spermine and seroto-
nin. Spermine levels increased signiﬁcantly on the 15th storage day
for cheeses made with medium and high SCC, whereas signiﬁcant
increases were only observed on the 45th storage day for cheeses
made with low SCC. Only cheeses from high SCC milk showed sig-
niﬁcantly higher serotonin levels. Tyramine and tryptamine, which
were not originally detected in the raw milk, were found in cheese
from high SCC milk. The levels of tyramine and tryptamine were
not enough to cause adverse effects to human health. Spearman
correlation indicated that there was a signiﬁcant positive correla-
tion between spermine levels in cheese and the extension and
depth of proteolysis. Therefore, the enhanced proteolysis in cheese,
which can be affected by SCC in original milk, could be evaluated
by means of spermine analysis in cheese.Acknowledgements
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